INTRODUCTION
As the average life expectancy has increased, so has the number of patients who undergo spinal surgery for degenerative diseases and have lower urinary tract symptoms. In elderly patients, physiological changes, such as the replacement of muscle fibers with collagen, lead to a reduction in contractility, and changes in the nerve supply from cholinergic to nonnoradrenergic and noncholinergic fibers lead to changes in sensation [1] . Spinal surgery is related to lower urinary tract dysfunction in 38%-60% of patients [2, 3] . Therefore, standard guidelines for the management of urinary retention are required for patients undergoing spinal surgery.
Postoperative urinary retention (POUR), defined as im-paired voiding after surgery, increases the duration of the hospital stay and causes pain [4] . The inadequate treatment of POUR can result in overdistention injury of the bladder, bladder detrusor muscle hypertrophy, and overactive voiding symptoms [5, 6] . Among the conservative treatment options for POUR, Foley catheterization (FC) and intermittent catheterization (IC) are generally considered safe for short-term use in neurologic patients [7] . However, the tolerability of FC and IC varies among patients. Additionally, the indications and efficacy of each treatment and the time to removal for FC are not clear.
There are few published data on pharmacologic therapy for urinary retention, as most studies have focused on prophylactic agents for POUR [8] [9] [10] . Although several studies have investigated the risk factors of POUR after lumbar spinal surgery, to the best of our knowledge, no study has explored the management of POUR in clinical practice [11, 12] . We suggest that a voiding care protocol should be developed for the management of patients after spinal surgery. The aims of the present study were to investigate the prognostic factors of POUR-free status in patients with POUR after spinal surgery and to evaluate the efficacy of bladder training and pharmacologic therapy for treating POUR.
MATERIALS AND METHODS
Approval was obtained from the Institutional Review Board of Yonsei University College of Medicine (approval number: 2017-0778-001) for collecting data on all patients treated with lumbar spinal surgery at our institution. The clinical variables relevant to the study included age, sex, body mass index, intraoperative FC, voiding volume (VV), residual volume (RV), voiding diary information, medication use (alpha-blockers), and treatment strategy.
Patients
The records of patients who received consultations at our urology department for POUR after lumbar spinal surgery from January 2015 to December 2016 were reviewed. Patients with an indwelling Foley catheter to relieve the symptom of urinary retention before spinal surgery, those taking medication for the relief of voiding symptoms before surgery, and those with urinary retention that developed as part of cauda equina syndrome in relation to a complication, such as an epidural abscess, epidural hematoma, or multiple bone fracture after trauma, were excluded.
Management Protocol of POUR
The consultation protocol in the urology department for all patients suspected of having POUR included the following evaluations: urinalysis, urine culture, uroflowmetry, and a residual urine check by IC or a bladder scan (BVI-3000 BladderScan, Verathon Inc., Bothell, WA, USA). POUR was defined as a postvoid residual urine volume (PVR) > 300 mL or incomplete bladder emptying [13] . FC was recommended for patients with a PVR > 700 mL. The time to Foley catheter removal (days) was calculated as the PVR divided by 100 (for example, if the PVR was 700 mL, the time to Foley removal was 7 days). Pharmacologic therapy was administered to treat POUR, based on the preferences of the patients' attending physicians, when POUR developed. Although bladder training is not recommended at our urology department, it was performed based upon the recommendation of the patients' attending physicians. Bladder training was performed by clamping prior to removing the urinary catheters. The clamp was released upon the desire to void or after clamping for 4-6 hours without the desire to void.
Follow-up and Outcomes
POUR-free status was defined as a VV >100 mL and VV ratio > 50%. Treatment failure was defined as (1) a change to another treatment according to the preferences of the physician and patient and (2) recurrent POUR after treatment with FC. The total volume (TV) was defined as the sum of VV. The VV ratio was calculated as VV divided by TV. The cutoff values of TV for predicting POUR-free status and the RV and VV ratio most suitable for the prediction of recurrent POUR were assessed based on the area under the receiver operating characteristic curve. The patients treated for POUR after surgery were divided into 2 groups according to the primary management method (FC vs. IC).
Statistical Analysis
Continuous variables are expressed as median (interquartile range). Categorical variables are reported as the number of occurrences and frequency. The Student t-test and Pearson chisquare test were used to statistically compare continuous and categorical variables, respectively. Cox univariate and multivariate analyses were performed to assess the prognostic factors of POUR in all spinal surgery patients. Simple and multiple logistic regressions with a forward stepwise procedure were used. All statistical comparisons were conducted with IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA). P-values < 0.05 were considered to indicate statistical significance.
INJ
Int Neurourol J 2017;21:320-328 Table 1 shows the baseline characteristics of patients who underwent a urologic consultation for POUR after lumbar spinal surgery. A total of 205 patients (median age, 70.6 years; median operative time, 3.6 hours) were evaluated, of whom 137 (66.8%) were operated on at the L3-5 levels. The proportions of patients with a history of spinal surgery, compression fracture, surgery at multiple levels, and lumbar fusion were 14.1%, 5.9%, 48.3%, and 50.7%, respectively. Medication was given to 169 patients (82.4%) after POUR. Intraoperative FC was performed in 132 patients (85.7%), and the catheter was removed on postoperative day 2. In patients with POUR, IC (n = 135, 65.9%) or FC (n = 70, 34.1%) was used as the primary management method. The FC group was younger, had a higher proportion of dura tearing, a longer operative time, a higher TV, and a longer duration of primary management and time to POUR-free status than the IC group. The failure rate of primary management over a median of 3 days was 39.0% (80 of 205). Among the patients who failed to achieve POUR-free status after primary management, 62 (77.5%) achieved POUR-free status after a median follow-up of 7.5 days (Fig. 1) .
RESULTS

Demographic Characteristics of Patients With POUR After Lumbar Spinal Surgery
Predictors of Eventual POUR-Free Status
After a median of 8 days for the overall treatment, the VV ratio among the patients who achieved POUR-free status was 72.5%. , and TV at POUR ( ≥ 500 mL) (HR, 0.48; 95% CI, 0.346-0.661; P < 0.001) were significant prognostic factors ( Table 2 ). The primary management method for POUR (FC vs. IC) and medication use were not significant prognostic factors of eventual POURfree status.
In patients who underwent IC, intraoperative FC (HR, 0.50; 95% CI, 0.333-0.754; P= 0.001), operative level (L3-5) (HR, 1.89; 95% CI, 1.224-2.903; P =.004), lumbar fusion (HR, 0.61; 95% CI, 0.403-0.914; P = 0.017), and TV at POUR ( ≥ 500 mL) (HR, 0.28; 95% CI, 0.136-0.554; P < 0.001) were significant prognostic factors of eventual POUR-free status. In patients who underwent FC, intraoperative FC (HR, 0.21; 95% CI, 0.088-0.0512; P = 0.001), surgery at multiple levels (HR, 0.24; 95% CI, 0.126-0.467; P <.001), medication use (HR, 0.40; 95% CI, 0.188-0.853; P = 0.018), and duration of indwelling FC ( ≥ 4 days) (HR, 2.85; 95% CI, 1.631-4.965; P < 0.001) were significant prognostic factors of eventual POUR-free status; bladder training was also a prognostic factor of eventual POUR-free status.
Predictors of POUR-Free Status After Primary Management
In a Cox multivariate analysis of the prognostic factors of POUR-free status after primary management, a compression fracture (HR, 0.33; 95% CI, 0.150-0.721; P = 0.006), surgery at multiple levels (HR, 0.56; 95% CI, 0.371-0.838; P = 0.005), TV at POUR ( ≥ 500 mL) (HR, 0.54; 95% CI, 0.360-0.802; P = 0.002), VV ratio at POUR (HR, 1.03; 95% CI, 1.024-1.042; P < 0.001), and FC (HR, 0.39; 95% CI, 0.250-0.606; P < 0.001) were significant prognostic factors of POUR-free status (Table 3) .
Subanalyses for the predictors of POUR-free status were performed according to the primary management method. In multivariate analysis, the operative level (L3-5) (HR, 3.46; 95% CI, 1.916-6.265; P < 0.001), lumbar fusion (HR, 0.42; 95% CI, 0.262-0.677; P < 0.001), and TV at POUR ( ≥ 500 mL) (HR, 0.27; 95% CI, 0.162-0.454; P < 0.001) were significant prognostic factors of POUR-free status in patients who underwent IC. Surgery at multiple levels (HR, 0.16; 95% CI, 0.076-0.345; P < 0.001) and the duration of indwelling FC ( ≥ 4 days) (HR, 3.56; 95% CI, 1.596-7.962; P = 0.002) were significant prognostic factors of POUR-free status in patients who underwent FC.
Predictors of Recurrent POUR Among Patients With POURFree Status
Among the 125 patients with POUR-free status after primary management, 8 (6.4%) experienced recurrent POUR. Among the patients who experienced recurrent POUR, only 1 patient achieved eventual POUR-free status after additional treatment during the observation period. In patients with recurrent POUR, the RV, TV, and VV ratio after primary management were found to be prognostic factors in the univariate analysis.
In the multivariate analysis, the VV ratio ( < 62.0%) (odds ratio [OR], 6.31; 95% CI, 1.433-27.810; P = 0.015) was the only predictor of recurrent POUR. The primary management method for POUR (FC vs. IC) and medication use were not significant risk factors for recurrent POUR (Table 4) . Of the patients who underwent FC as the primary management method, 20 (28.5%) underwent a retrograde voiding trial. However, retrograde and spontaneous voiding trials were not a predictor of recurrent POUR (P = 0.605).
DISCUSSION
POUR is a poorly understood, yet well-recognized, postoperative complication in both men and women [13] . Although the reported incidence of POUR has varied among previous studies, approximately 20% of patients who receive general anesthesia for lumbar surgery experience POUR [14] [15] [16] [17] . As the elderly population increases, the number of patients who develop POUR after lumbar surgery will increase. Previous studies of POUR have focused on the investigation of preoperative/perioperative risk factors, such as age, history of benign prostatic hyperplasia, chronic constipation, and use of patient-controlled analgesia [2, 14, 17, 18] . However, no clear definition of POUR currently exist, and the criteria to rule out POUR remain unclear [18, 19] . Our findings will be used to develop a prospective POUR care protocol to be used in clinical practice.
Although very strict and aggressive criteria have been advocated to provide a maximally safe management protocol, this could lead to overtreatment in a large proportion of patients whose condition deteriorates immediately after spinal surgery. In our study, the cutoff value for the VV ratio was 62%, and this was the only predictor of recurrent POUR. This finding was consistent with the general recommendation by urologists that clinicians should monitor patients continuously to prevent overdistention until the PVR is consistently less than one-third of the TV [20] .
Altschul et al. [12] reported that intraoperative Foley placement (OR, 3.42; P = 0.004) was a predictor of the development of POUR in a cohort of 397 patients who underwent elective spine surgery. Our results are similar to the findings of this previous report. However, some controversy exists regarding the time to intraoperative Foley catheter removal as a prognostic factor. Although a previous study reported no significant difference in the development of POUR between patients whose catheter was removed on day 1 or day 3 after vaginal prolapse surgery, Chong et al. found that the incidence of POUR was significantly higher in the 1-day catheter group than in the 4-day catheter group [18, 21] . Our cohort underwent lumbar spinal surgery, and most patients routinely underwent intraoperative Foley removal on postoperative day 2. Therefore, this study identified no cutoff value of the time to intraoperative Foley removal. Regardless, no studies have evaluated the intraoperative holding period of FC in patients with POUR after spinal surgery. Our findings showed that maintaining catheter placement for ≥ 4 days had a positive prognostic effect on patients' recovery from POUR. In the present study, patients who underwent FC had a worse status than patients who underwent IC in terms of dura tearing, operative time, TV at POUR, and VV ratio at POUR, but no significant differences in the prognosis of eventual POUR-free status were found between those who underwent FC and IC. Some of the factors that affect the decision to perform FC are the fact that it is a bothersome and somewhat painful procedure, the possibility of long-term use, and incidence of immediate POUR after short-term indwelling catheterization. In a previous study, FC was performed when patients with POUR required more than 2 consecutive rounds of IC [12] . In this study, we identified useful parameters in clinical practice, such as a history of spinal surgery, operative level (L3-5), and lumbar fusion, as predictors of eventual POUR-free status. The distal end of the spinal cord becomes conical at the level of T12, and it is thus called the conus medullaris. This structure reaches the level of the L2 body and ends with the cauda equina, which is composed of the last nervous roots (including the ones from/to the bladder) and the filum terminale [22] . Although degenerative diseases of the spine, such as the lumbar disc, involve L4/L5 and L5/S1, this study divided patients according to whether the operative level was L1-2 or L3-5. We then identified the operative level (L3-5) as a positive prognostic factor for eventual POUR-free status. Although there was no difference in therapeutic efficacy between FC and IC, these criteria are useful for establishing a management plan in clinical settings.
The efficacy of bladder training and retrograde and spontaneous voiding trials remains controversial. Although bladder training seems to help patients restore voluntary urinary voiding, this study found that it had no significant effect on increasing the chance of a successful voiding trial in patients with POUR after spinal surgery. Our results are consistent with those of previous studies [23, 24] . Geller et al. [25] assessed the diagnostic accuracy of retrograde and spontaneous voiding trials in a randomized controlled trial in 100 patients with POUR. They reported that retrograde voiding trials, in which the bladder is filled in a retrograde manner through a catheter with 300 mL of sterile saline or until the patient desires voiding at maximum capacity, were more accurate for evaluating postoperative voiding dysfunction than spontaneous voiding trials. However, whether a patient underwent a retrograde or spontaneous voiding trial was not a significant factor in the prediction of recurrent POUR in our study.
Several drugs are commonly used for the management of urinary retention, including cholinergic agents, prostaglandins, alpha-blockers, and sedatives. In a recent study investigating the prophylactic effects of tamsulosin and alfuzosin, the use of alpha-blockers was associated with the prevention of POUR in men after spinal anesthesia in urologic surgery procedures [26] . However, the efficacy of pharmacologic therapy on POUR treatment remains unclear. In Korea, alpha-blockers are reimbursed for patients with POUR. Some attending physicians of patients with POUR considered the use of alpha-blockers to achieve faster bladder function recovery, to shorten the duration of hospitalization, or to reduce healthcare costs, despite the absence of high-level evidence of the efficacy of pharmacologic therapy on POUR management. This retrospective study found that medication use was not associated with eventual POURfree status in patients with POUR. However, further research into the effects of pharmacologic therapy on POUR based on a well-designed protocol is warranted.
The present study has several limitations. The indications for a urologic consultation for POUR lacked standardization, and selection bias may have been present. Although no differences in the eventual POUR-free rate were found between the FC and IC groups, FC was more frequently recommended for patients with more severe complications such as dura tearing, a longer operative time, a higher TV at POUR, and a higher VV ratio at POUR. Additionally, we were unaware of the number of patients who were missed due to not having a consultation with the urology department. Nevertheless, we believe that this effect is inherent to any retrospective study, and future studies are required for greater generalizability. Another limitation is the possibility that the inclusion of patients treated by multiple spinal surgeons at a single institution could have accounted for the heterogeneity in the results. Potential factors such as variability in surgical management and postoperative care among surgeons might limit the generalizability of our results. Finally, this study did not evaluate risk factors such as time to ambulation, intraoperative/perioperative anesthetic use, and past medical history (diabetes mellitus, baseline bladder function). These factors may have affected any subsequent occurrence of POUR, possibly influencing the eventual POUR-free rate. Only some patients underwent a bladder function test, such as a urodynamic study, after the incidence of POUR. However, we believe that our patients may reflect those in real-world clinical practice in terms of primary management after spinal surgery.
POUR-free status was defined as a VV > 100 mL and a VV ratio > 50%, and this was the outcome evaluated in our efficacy analysis. There was no difference in the efficacy of POUR management between IC and FC. In patients with POUR who underwent FC, the duration of FC ( ≥ 4 days) was a prognostic factor of POUR-free status. Bladder training and the use of alpha-blockers did not reduce the time to POUR-free status.
